The issues of international stock markets linkages had been investigated over the time. Since the Asian financial crisis in 1997, many economists are concerned about the relationship between Asian stock markets and others in the world. The main objective of this paper is to examine the linkages between ASEAN-5+3 namely Malaysia, Singapore, the Philippines, Thailand, Indonesia, China, Japan and Korea and US stock markets. The data consists of weekly stock indices data. The total samples are separated into three sub-periods. All the indices applied are expressed in local currencies. In conclusion, we found that ASEAN-5+3 and US stock markets are interdependence during crisis and post-crisis periods and the impact of US stock market is effective in ASEAN-5+3 stock markets only for pre-and during-crisis periods.
Japanese and European investors, who were attracted to these fast growing emerging markets for extra returns for their portfolios. Large inflows of private capital resulted in a credit boom in the Asian countries in the early and mid-1990s. The credit boom was often directed to speculations in real estate and stock markets as well as to investments in marginal industrial projects. Fixed or stable exchange rates also encouraged un-hedged financial transactions and excessive risk-taking by both lenders and borrowers, who were not much concerned with exchange risk.
As asset prices declined (as happened in Thailand prior to the currency crisis) in part due to the government's effort to control the overheated economy, the quality of banks' loan portfolios also declined as the same assets were held as collateral for the loans. In addition, their lending decisions were often influenced by political considerations, likely leading suboptimal allocation of resources. However, the so-called crony capitalism was not a new condition, and the East Asian economies achieved an economic miracle under the same system. Meanwhile, the booming economies with a fixed or stable nominal exchange rate inevitably brought about an appreciation of the currencies. This, in turn, resulted in a market slowdown in export growth in these Asian countries like Thailand and Korea. If the Asian currencies had been allowed to depreciate in real terms which were not possible because of the fixed nominal exchange rates, discrete changes of the exchange rates as observed in 1997 might have been avoided. In Thailand, as the run on the Baht started, the Thai central bank initially injected liquidity to the domestic financial system and tried to defend the currency by drawing on its foreign exchange reserves. With its foreign reserves declining rapidly, the central bank eventually decided to devalue the baht.
International money and capital markets have become more integrated in recent years. Many studies have been undertaken to examine the integration of international stock markets. There are several reasons that contributed to the stock market interdependences, e.g. increase in capital flows across national boundaries and potential benefits from diversification of investment on international level. It is important for the investors to diversify international portfolio if they have the knowledge on the structure of equity market linkages across countries. As a large number of investors competing to earn high returns, stock prices in different countries should closely reflect the underlying economic fundamentals. Consequently, common stochastic trends in stock markets of those countries potentially mirror their economic fundamentals that are related significantly with one another (Phengpis and Apilado, 2004) . According to Kearney and Lucey (2004) , with increasing integration of international equity markets, the diversification benefits will tend to decline. Lack of cointegration between the stock markets may allow investors to minimise portfolio risk by international diversification.
This study consider whether ASEAN-5+3 countries namely Malaysia, Singapore, Indonesia, Thailand the Philippines, China, Korea, Japan and US are integrated with each other because of importance of their economic as trading partners and in terms of investment flows. Both the multilateral and bilateral relationship between the individual ASEAN-5+3 and US stock market is examined through the cointegration and Granger-causality techniques. In addition, we are interested to know whether US stock market has any effect on the ASEAN-5+3 stock indices before, during and after Asian financial crisis. Arshanapalli et al. (1995) investigate the presence of a comman stochastic trend between US and the Asian stock market movements during pre-and post-October 1987 period. They using daily data, the sample includes index data for US, Japan, Hong Kong, Malaysia, the Philippines, Singapore and Thailand for the time period January 1, 1986 through May 12, 1992. By implying cointegration and error-correction model, they find that the influence of the US stock market innovations was found to be greater during the post-October 1987 period. The results also indicate that the Asian equity markets are less integrated with Japan's equity market than they are with the US market. Sheng and Tu (2000) analyze the linkages among national stock markets before and during the period of the Asian financial crisis by using cointegration and variance decomposition analysis to examine the linkages. The data consist of daily closing prices for the New York S&P 500 and the following 11 major Asia-Pasific equity market indices: Tokyo Nikkei 225, Hong Kong Hang-Seng, Singapore Straits Times, Sydney All Ordinaries, Seoul Composite Index, Taiwan Composite Index, Kuala Lumpur Composite Index, Manila Composite Index, Bangkok Composite Index, Jakarta Composite Index and Shanghai B-shares Index. The prices are collected for the period from July, 1 1996 to June 30, 1998. The results show that the relationship for the South-East Asian countries is stronger than that for the North-East Asian countries. The tests also show no cointegrational relationship before the period of the financial crisis. The forecast error variance decomposition also finds that the degree of exogeneity for all countries indices has been reduced. Manning (2002) applies both the Johansen Maximum Likelihood approach and the Haldane and Hall Kalman Filter technique to consider the co-movement of equity markets in South East Asia, at the same time taking the United States to be the external market. The two samples analyzed comprise weekly and quarterly information on equity indices and US dollar series for the US, Hong Kong, Indonesia, Japan, Korea, Malaysia, the Philippines, Singapore, Taiwan and Thailand over the period January 1988 to February 1999. He finds that in general, there are two common trends present in the eight Asian equity market indices modeled here, and also two trends when the US market in additionally included in Johansen VAR. Jaag and Sul (2002) analyze the changes in the co-movement among the stock markets of the countries which have undergone the crisis directly and the neighboring Asian countries since the crisis seems to have common impact on the Asian countries as a whole. These countries are Thailand, Indonesia and Korea as direct crisis countries and Japan, Hong Kong, Singapore and Taiwan as neighbouring countries. The total sample of the study is 2 years from October 1, 1996 to September 30, 1998, which is divided into three 8-month sub periods. By using Granger Causality test and co-integration analysis, they find that before the crisis, there is almost no co-movement in the stock markets of 7 Asian countries. However, uni-directional and bi-directional linkage among Asian equity markets has increased sharply since the financial crisis in June 1997. During the 8 months of the post crisis, the strong co-movement is still found and in some cases, the linkage among Asian stock markets gets even stronger.
Literature Reviews on ASEAN-5 + 3 Stock Markets Integration
Azman-Saini et al. (2002) investigate whether or not causality is present among the ASEAN-5 equity markets in the long run. The weekly Morgan Stanley Composite Index (MSCI) indices obtained from the Kuala Lumpur Stock Exchange (KLSE) covering period of January 1988 to August 1999 are used in this study. The results of Granger noncausality test due to Toda and Yamamoto reveal that the Singapore equity market was not affected by other markets except by the Philippines in the long-run. This may help to explain why among the ASEAN-5 equity markets, Singapore was not badly affected by the Asian financial crisis as well as the effects of the Gulf War in August 1990. This result shows that there exist opportunities for beneficial international portfolio diversification within the context of the ASEAN-5 equity markets. Click and Plummer (2005) investigate whether the ASEAN-5 markets are integrated or segmented using the time series technique of cointegration to extract long run relations. By using daily and weekly stock index quotes in local currencies data from July 1, 1998 through December 31, 2002. The results suggest that the ASEAN-5 stock markets are cointegrated and are thus not completely segmented by national borders. However, there is only one cointegrating vector, leaving four common trends among the five variables. Conclusion, the ASEAN-5 stock markets are integrated in the economic sense, but that integration is far from complete. Choudhry et al. (2007) examine empirically the change(s) in the long run relationship(s) between the stock prices of eight Far East countries namely Thailand, Malaysia, Indonesia, Hong Kong, Singapore, the Philippines, South Korea and Taiwan around the Asian financial crisis of 1997-98. Further test are conduct to check the change in the influence of the Japanese and US stock markets in the Far East region before, during and after the crisis. Daily stock price indices ranging from January 1, 1988 to January 1, 2003 is used. Empirical investigation is conducted by means of rolling correlation coefficients, the Johansen multivariate cointegration method, causality test and band spectrum regression. Results show significant long-run relationship(s) and linkages between the Far East markets before, during and after the crisis. The most significant linkage and relationship are found during the crisis period. Results mostly indicate larger US influence in all periods but some evidence of increasing Japanese influence is also shown.
Methodology
Augmented Dickey Fuller (ADF) test was initially introduced by David Dickey and Wayner Fuller in 1979 . The tests for unit root identify whether an individual series (Y t ) is stationary by running an ordinal least square (OLS) regression equation. The ADF test makes a parametic correction for higher-order correlation by assuming that the y series follow an AR (ρ) process and adjusting the test methodology where ρ is the number of lagged changes in Y t necessary to make ε t serially uncorrelated. Two types of Augmented Dickey Fuller regressions covered the non linear trend and linear trend element respectively as shown in equation 1 and 2.
(1)
where t is the time trend variable, ∆ is the first-differenced operator, Y t is the logarithm of the variable in period t, ∆Y t = Y t -Y t-1 , ε t is white noise error term, δ and β 2 are the constant parameters.
More weight was given to the Phillips-Perron unit root test as this test has been shown to be more reliable than Dickey-Fuller test in the presence of large amounts of heteroscedasticity. The PP unit root test proposed by Phillips and Perron (1988) and has an advantage as it propose a nonparametric method of controlling for higher-order serial correlation in a series. The PP unit root test is performed by conducting the following regressions: (ii) presence of a vector β = (β1,β 2 ,…,β n ) in such that linear combination βY t = β 1 y 1t + β 2 y 2t +…+ β n y nt wherby the vector β is named the cointegrating vector. A few major characteristics of this model are that the cointegration relationship obtained indicates a linear combination of non-stationary variables, in which all variables must be integrated of the same order and lastly if there are n series of variables, there may be as many as n-1 linearly independent cointegrating vectors. Johansen's (1991) cointegration test is adopted to determine whether the linear combination of the series possesses a long-run equilibrium relationship. The numbers of significant cointegrating vectors in non-stationary time series are tested by using the maximum likelihood based λ trace and λ max statistics introduced by Johansen (1991) and Juselius (1990) . The advantage of this test is it utilises test statistic that can be used to evaluate cointegration relationship among a group of two or more variables. Therefore, it is a superior test as it can deal with two or more variables that may be more than one cointegrating vector in the system. Prior to testing for the number of significant cointgrating vectors, the likelihood ratio (LR) tests are performed to determine the lag length of the vector autoregressive system. In the Johansen procedure, following a vector autoregressive (VAR) model, it involves the identification of rank of the n X n matrix ∏ in the specification given by:
where Y t is a column vector of the n variables, ∆ is the difference operator, Γ and ∏ are the coefficient matrices, k denotes the lag length and δ is a constant. In the absence of cointegrating vector, ∏ is a singular matric, which means that the cointegrating vector rank is equal to zero. On the other hand, in a cointgrated scenario, the rank of ∏ could be anywhere between zero. In other words, the Johansen Cointegration test can determine the number of cointegrating equation and this number is named the cointegrating rank. 
where ρ is the number of separate series to be analysed, T is the number of usable observations and λ is the estimated eigenvalues obtained from the (i+1) x (i+1) cointegrating matrix.
Data
The data set consists of the weekly stock markets for ASEAN-5+3 and US stock markets covering the period from 1 
Empirical Results
For one to proceed with cointegration tests, it is important to first examine the univariate properties of the individual time series. Notably, Johansen-Juselius cointegration procedure requires that all variables are I(1). As reported in Table  1 , all series are non-stationary in their level form since the null hypothesis of unit root fail to be rejected at conventional significant level except for Japan at the pre-crisis period. For during-crisis period and post-crisis period, stock indices of ASEAN-5+3 and US are stationary after first differences, that is integrated of first order and thereby implying a clear I(1) process. The confirmation of I(1) process has provided a requisite for the forthcoming cointegration analysis.
Test of cointegration has been quite a standard means of investigating long-run stationary relationship between non-stationary variables. Two or more non-stationary time series are cointegrated if a linear combination of these is stationary. Table 2 presents the cointegration tests results for the pre-crisis (part A), crisis (part B) and post-crisis (part C) periods. For each period, cointegration tests are conducted on two models: the first model includes all the ASEAN-5 with China, Korea and Japan in the VAR and in the second model the US stock index is added in the VAR. In this way, the second model check for the presence of the US index in the long-run relationship between the stock indices of the ASEAN-5 with China, Korea and Japan: before, during and after financial crisis.
For the pre-crisis period in Table 2 (part A), both the trace test and maximum eigenvalues statistics in model 1 failed to reject the null hypothesis of no cointegrating vector. Thus, the first result from the pre-crisis period is failed to show any possible significant long-run stationary relationships between the ASEAN-5 with Korea (excluding Japan due to its stationary properties and China due to lack of data). This result change when US index is added in model 2. Trace test show two significant vectors whereas maximum eigenvalues test show only one significant vector. Therefore, since both test agreed upon one significant vector, this may imply that US is a crucial element in the cointegrating vector(s) and would indicate interdependence among these ASEAN-5 and Korea stock markets with the larger market of US during the pre-crisis period. All the eigenvalues in all the tests are less than unity, implying that the system as a whole is stable.
Results from the crisis period are shown in Table 2 (part B). Once again, two models are tested. In the first model (ASEAN-5 with China, Korea and Japan), the trace test indicates three vectors whereas maximum eigenvalues indicates two vectors at 1% significant level. Thus, result shows two stationary long-run relationships between the ASEAN-5 with China, Korea and Japan stock indices. (Note 2) In the second model, when US is added in the VAR, both trace test and maximum eigenvalues test indicate six vectors and three vectors at 1% significant level. As compared to pre-crisis period, the number of cointegrating vector increased from 1 to 3. This indicates an increase in the degree of linkages of these stock markets. According to Ratanapakorn and Sharma (2002) , globalization increased during the Asian crisis and the larger number of long run relationship during the period may be due to increased globalization of the stock markets. They also find evidence of increased linkages between the markets during the crisis period. Larger number of cointegrating vectors implies that during the crisis period diversification and portfolio risk management may not reduce risk by much. Also, including the US index may not help in reducing the risk of the portfolio. Most previous studies also find significant linkages between the Asian stock markets during the crisis. Once again, eigenvalues in all tests are less than unity. Table 2 (part C) presents the post-crisis results. Both the trace and maximum eigenvalues statistics for model 1 and 2 show that only one significant cointegrating vector exists. Thus, during the post-crisis period, only one stationary long-run relationship is found between the ASEAN-5 with China, Korea and Japan with or without the US index in the VAR. The number of cointegrating vector had decreased if we compared to during-crisis period. This decrease in the degree of linkages of these markets could be due to specific risks, such as liquidity, political, economic policy and currency risk, and macroeconomic instability in the region. All these factors may have discouraged foreign investors and lowered the globalization in the region.
Comparing the cointegration results between the three periods, the results indicate that stationary long-run relationships existed among the stock indices. (Note 3) For all three sub-periods, more nonzero cointegration vectors are found during the crisis period. Higher number of nonzero cointegration vectors (lower number of common trends) implies that diversification and minimizing portfolio risk by investors was harder during the crisis period compared to other periods. In addition, the results show that the relationships between the stock indices of the region did not change much before the Asian crisis and after it. Common stochastic trends in stock markets of those countries potentially mirror their economic fundamentals that are related significantly with one another. Overall, based on cointegration results, the inclusion of the US index in a portfolio of ASEAN-5 with China, Korea and Japan markets may not help to reduce portfolio risk. The next step would be identifying the direction of causality among these ASEAN-5+3 and US stock markets. Granger causality tests based on VECM for pre-crisis period are conducted and the results are reported in Table 3 . For Singapore, Korea and the Philippines, the error correction terms (ECTs) are negative and statistically significant at 95% significance level. The temporal causality effect are active, consequently, these three countries are endogenously determined in the model and share the burden of short-run adjustment to long run equilibrium. The temporal Granger-causality channels are abstracted from Table 3 and summarized in Figure 1 . There are unidirectional causal effect running from Thailand to Indonesia and Indonesia to US before the risk spread to other countries. Changes in the Philippines and Malaysia stock market is being led by changes in US stock market. From Figure 1 , it's clearly show that when the Asian financial crisis in 1997 started in Thailand, this crisis spread to Indonesia, Malaysia and the Philippines.
During-crisis period, the results in Table 2 (part B) , for the second model indicates that there are three significant cointegrating vectors among ASEAN-5, China, Korea, Japan and US stock markets. Table 4 reports the results of Granger causality test based on VECM for these nine markets. With regard to ECTs, our discussion will focus only on negative and significant ECTs within the three ECTs. China is the only stock market which had negative significant ECTs without mixture with positive significant ECTs. Therefore, China stock market is clearly endogenous determined in the system and bear the burden of short-run adjustment towards the long-run equilibrium. Korea and the Philippines stock markets had mixture positive and negative significant ECTs while Indonesia, Malaysia and Singapore stock markets had positive significant ECTs. The temporal Granger-causality channels are abstracted from Table 4 and summarized in Figure 2 . Since there are three significant long run relationships between the variables, therefore we get three groups of short run relationships. For the first group, changes in Thailand stock market will affect Korea stock market and indirectly affected Malaysia stock market too via Korea. There is one bidirectional causal effect between Malaysia and China stock markets. In the second group, the Philippines spread out the risk to Indonesia and US stock markets. Meanwhile, the last group has a unidirectional causal effect running from Singapore to the US stock market.
The results of cointegration during post-crisis period in Table 2 (part C), for second model indicates that only one significant long run relationship exist among ASEAN-5, China, Japan, Korea and US stock markets. Table 5 provides result of Granger causality tests based on VECM. Statistically significant ECT only in the equations for Singapore, China and Indonesia. However, only the ECTs for Singapore and China carried the correct sign. The economic intuition arising from the findings imply that when there is a deviation from the equilibrium cointegrating relationships in this system, it is mainly the changes in Singapore and China stock markets that adjusts to clear the disequilibrium, i.e., bears the brunt of short-run adjustment to long-run equilibrium. The temporal Granger-causality channels are abstracted from Table 5 and summarized in Figure 3 . It's clearly showed that US stock market is exogenous whereas Thailand stock market is endogenous in the short run. There is unidirectional causal effect running from US to Japan and US to Singapore. At the same time, Singapore stock market also affected by Japan stock market. Malaysia stock market is Granger-caused by Japan and Singapore stock markets. There also causal effect from Singapore to the Philippines. Lastly, changes in Thailand stock market caused by changes in Malaysia, Singapore and the Philippines stock markets.
Conclusions
This study attempts to examine the linkages between the ASEAN-5+3 and U.S. stock markets. The empirical analysis of this study begins with the Augmented Dickey-Fuller and Phillips-Perron stationarity tests in order to determine at which level do the data exhibit stationarity for the purpose of cointegration analysis application. Results show that the long-run relationships between ASEAN-5+3 stock markets occur only for during-and post-crisis period. For the pre-crisis period, there is no significant cointegrating vector among the ASEAN-5+3 stock markets. Before and during-crisis, the number of cointegrating vector increased after US stock market had been included in the model during the crisis. This implied that the system is more interdependence. Hence, by adding US stock market is not helping investors to reduce the portfolio risk. The results of short-run Granger-causality based on VECM showed that Thailand stock market is the most exogenous markets. Surprisingly, China and Korea stock markets are active in short-run only during-crisis but not before and after crises. These probably due to most of the markets are more sensitive to changes in other's market during the crisis period. During-crisis period (7 July, 1997 -29 June, 1998) Malaysia -1.40 0 -1.95 0 -7.72** 0 -7.64** 0 -1.35 3 -1.94 3 -7.75** 2 -7.67** 2 Singapore -0.68 0 -2.56 0 -8.17** 0 -8.11** 0 -0.57 3 -2.68 4 -8.20** 2 -8.14** 2 Thailand -0.26 0 -1.14 0 -6.30** 1 -6.24** 0 -0.56 3 -1.59 4 -6.39** 3 -6.34** 3 Indonesia -2.45 0 -2.15 0 -8.78** 0 -8.98** 0 -2.40 1 -2.00 1 -8.74** 2 -8.98** 2 The Philippines -2.34 0 -2.20 0 -7.96** 0 -7.96** 0 -2.30 1 -2.14 1 -7.96** 0 -7.95** 1 Japan -2.17 0 -2.04 0 -7.54** 0 -7.70** 0 -2. Note: a denotes respectively, the significance at 99% confidence interval. 
